Introduction
============

Mobile-bearing knee prostheses were designed to increase the congruity of the articular surface and decrease polyethylene wear and component loosening after total knee arthroplasty (TKA)[@B1],[@B2]. Restoration of flexion after TKA is crucial for successful clinical outcome and patient satisfaction especially in eastern countries where people require the use of high flexion positions including the tailor position and kneeling[@B3]. Mobile-bearing high-flexion knee prostheses can be more effective in this regard than fixed-bearing prostheses due to design characteristics and rotation of bearing during hyperflexion[@B4],[@B5]. In this study, we retrospectively compared the clinical and radiographic results of TKAs using the low contact stress (LCS; DePuy Inc., Warsaw, IN, USA) system and those using a high-flexion prosthesis, PFC Sigma RP-F (Press Fit Condylar, Sigma rotating-platform high-flexion, Johnson and Johnson Professional Inc., Raynham, MA, USA) system under the hypothesis that the mobile-bearing high-flexion knee prosthesis would result in more favorable clinical outcomes.

Materials and Methods
=====================

Between December 2006 and January 2010, 68 patients underwent TKA using either the RP-F or LCS system. Of them, 35 patients with a minimum follow-up of 2 years were enrolled in this study. In the RP-F group, there were 16 patients (24 cases), all of whom were female. Their mean age was 67 years (range, 59 to 76 years) and the mean follow-up period was 39.9 months. In the LCS group, there were 19 patients (26 cases) comprising 1 male and 18 females. Their mean age was 68.8 years (range, 60 to 77 years) and the mean follow-up period was 25.6 months. The indication for TKA was degenerative arthritis in all patients.

The surgery was performed by the same surgeon using a medial parapatella approach in all patients. Cement was used for tibial and femoral fixation and the patella was not replaced. Tibial resection was followed by femoral resection and the posterior cruciate ligament was removed in all cases. The flexion/extension gap was measured intraoperatively using a gapper to achieve mediolateral balance. Joint exercises started from the 1st postoperative day using a continuous passive movement machine. From the 2nd postoperative day, partial weight-bearing using crutches or a walker was allowed. Full weight-bearing active exercises were permitted from the 7th postoperative day.

Age, gender, body mass index (BMI), flexion contracture of the knee, further flexion, and genu varum angle were recorded preoperatively. For the evaluation of knee function, the Knee Society Knee Score (KSKS) and Knee Society Functional Score (KSFS) were assessed preoperatively and postoperatively[@B6]. In addition, the possibility of tailor position and kneeling and the presence of anterior crepitus and patellar clunk syndrome were examined. For radiographic assessment, radiologic component position and radiolucent line on the anteroposterior and lateral radiographs obtained at the last follow-up were evaluated according to the American Knee Society Roentgenographic Evaluation and Scoring System[@B7]. The following variables were measured on the radiographs to assess the component position: the medial angle between the femoral articular surface and the femoral axis (α) and the medial angle between the tibial implant and the tibial axis (β) on the anteroposterior view and the acute angle between the line perpendicular to the femoral articular surface and the femoral axis (γ) and the posterior angle between the tibial articular surface and the tibial axis (δ) on the lateral view. For the assessment of the femorotibialb (limb) alignment, the femorotibial angle defined as the acute angle between the femoral axis and the tibial axis was measured. The thickness of a radiolucent line was measured in units of mm and the added values were transformed into a score with ≤4 considered insignificant, ≥5 and ≤9 requiring follow-up, and ≥10 having a high probability of fixation failure regardless of the presence of clinical symptoms. The Insall-Salvati ratio[@B8] on the lateral view and the congruence angle and tilt angle[@B9] on the Merchant view were measured.

Improvements in the range of motion (ROM), KSKS, and KSFS from the preoperative to the postoperative period were assessed using the Wilcoxon rank sum test. For comparison of the clinical results between the groups, the Mann-Whitney U test was used. The chi-square test was used to analyze the possibility of tailor position and kneeling and the radiolucent line score. Statistical significance was set at p\<0.05.

Results
=======

1. Clinical Results
-------------------

No statistically significant intergroup differences were observed in the preoperative variables including age, gender, BMI, flexion contracture, further flexion, genu varum angle, and KSKS and KSFS ([Table 1](#T1){ref-type="table"}).

The mean flexion contracture and further flexion were significantly improved between the preoperative and the last follow-up evaluations in both groups: from 5.2° to 0.7° (p=0.005) and from 111.7° to 126.3° (p=0.046), respectively, in the RP-F group and from 5.2° to 1.7° (p=0.026) and from 112.7° to 125° (p=0.027), respectively, in the LCS group. However, no statistically significant intergroup differences were noted regarding the flexion contracture (p=0.149) and the further flexion (p=0.986) ([Table 2](#T2){ref-type="table"}).

The KSKS and KSFS improved significantly between the preoperative and the last follow-up evaluations in both groups: from 48.2 to 91.4 (p=0.000) and from 42.9 to 87.8 (p=0.000), respectively, in the RP-F group and from 40.2 to 92.2 (p=0.000) and from 39.9 to 87.4 (p=0.000), respectively, in the LCS group. However, no statistically significant intergroup differences were found regarding the KSKS (p=0.389) and KSFS (p=0.722) ([Table 2](#T2){ref-type="table"}).

Tailor position and kneeling was possible in 19 cases (79.2%) and 6 cases (25%), respectively, in the RP-F group and in 21 cases (80.7%) and 4 cases (15.4%), respectively, in the LCS group. However, no statistically significant intergroup differences were found (p=0.489).

2. Radiographic Results
-----------------------

The mean femorotibial angle was changed from a varus of 0.6° to a valgus of 5.9° in the RP-F group and from a valgus of 1.5° to a valgus of 5.8° in the LCS group. Regarding the implant location, the mean β value was 89.0° in the RP-F group and 89.6° in the LCS group and the mean δ value was 85.9° in the RP-F group and 82.8° in the LCS group ([Table 3](#T3){ref-type="table"}).

In the RP-F group, in all cases except for 1 case with severe osteolysis and early loosening that required a revision surgery ([Fig. 1](#F1){ref-type="fig"}), the radiolucent line score was ≤4 and most of the radiolucent lines were observed in the posterior femoral condyle (zone 4) in 7 cases (29.2%). In the LCS group, the score was ≤4 in all cases except for a score of 5 in 1 case, and a 1 mm radiolucent line was observed in the posterior femoral condyle in 4 cases (15.4%), but no statistical significance was found (p=0.134) ([Fig. 2](#F2){ref-type="fig"}).

The mean Insall-Salvati ratio, congruence angle, and tilt angle were 1.15, -7.6, and 5.1°, respectively, in the RP-F group and 1.19, -11.9°, and 6.6°, respectively, in the LCS group. There was no statistically significant intergroup difference in the Insall-Salvati ratio (p=0.515) and congruence angle (p=0.059), except for the tilt angle (p=0.026) ([Table 3](#T3){ref-type="table"}).

3. Complications
----------------

In the RP-F group, early loosening that required a revision arthroplasty was observed in 1 case ([Fig. 1](#F1){ref-type="fig"}) and painful patella crepitus was observed in 2 cases (8.3%). Of the latter 2 cases, patellar clunk syndrome was observed in 1 case where pain and crepitus disappeared and ROM increased after arthroscopic nodule excision ([Fig. 3](#F3){ref-type="fig"}).

Discussion
==========

Conventional fixed-bearing knee prostheses have been associated with component wear and loosening[@B1],[@B2]. However, mobile-bearing prostheses can be advantageous in reducing wear and loosening theoretically because they are specifically designed to improve congruity and decrease stresses to the knee such as rotational stresses[@B10]-[@B14]. In addition, the femoral component design that alter the radius of femoral component allows for greater flexion, which eventually results in increased ROM. The LCS system, that has a wide contact surface include reduced contact stress and constrained force and increased ROM due to the various radii of curvature of the femoral component[@B1],[@B15],[@B16]. The PFC Sigma RP-F system, that reduces the radius of curvature of the posterior femoral condyles, increasing posterior femoral roll-back with a post-cam mechanism[@B17]. In addition, the increase in posterior condylar offset and rotation of the bearing surface improves internal rotation of the tibia for high flexion of the knee.

However, we could not find significant differences between the groups regarding the clinical scores and maximum ROM during flexion in this study. According to Ritter[@B18], the preoperative flexion range is a major determinant of the postoperative further flexion. In this study, we could not find notable differences in the preoperative flexion range between the groups. Kurosaka et al.[@B19] reported that patients with a weak extensor mechanism due to long-standing arthritis could have a reduced range of flexion under weight-bearing movement. All the patients in our study had degenerative arthritis and were advanced in age with a mean of 68.1 years. Therefore, we considered that the postoperative ROM was more related to the preoperative ROM than the prosthesis design.

Femoral component loosening after TKA can be influenced by infection, implant design, malalignment, bone strength, cemented fixation technique, and excessive use of the knee joint. Factors that can cause osteolysis and bone loss include operative technique, patient characteristics, and implant design[@B20]-[@B24]. The compressive force applied to the posterior femoral condyles with the knee at 90° of flexion is three times greater than body weight[@B17]. Based on the observation of 15 cases of femoral component loosening after 1,600 total knee arthroplasties, King and Scott[@B25] reported that when support for the implant is inadequate, the compressive force on the posterior femoral condyles is transmitted in the form of a shear force at the distal interface with the implant and lead to a tensile force at the anterior interface, and accordingly the distal posterior interface acts as a pivot point for component loosening. Han et al.[@B26] encountered 27 cases (38%) of femoral component loosening in 72 cases of total knee replacements and attributed this to extensive removal of the posterior femoral condyles that results in inadequate support and excessive movement of the femoral component in high flexion[@B26]. Kim et al.[@B27] could not find significant differences in radiographic results and survival rate in a comparison study of two mobile-bearing prostheses including a high-flexion design. However, early loosening and osteolysis requiring a revision surgery was observed in 1 case in the RP-F group and radiolucent lines were observed in the posterior femoral condyles (zone 4) in 7 cases (29.2%) in the RP-F group compared to 5 cases (15.4%) in the LCS group in this study. There were no differences between the groups regarding the factors that could influence the occurrence of osteolysis including diagnosis, infection, alignment, and ROM. The surgery was performed by the same surgeon in all cases. In addition, we took care to inject cement in the dough stage in both groups and perform drilling in sclerotic bone lesions. Therefore, we believed that osteolysis 1) progresses from the posterior femoral condyles as King and Scott[@B25] reported, 2) can be caused by extensive posterior femoral condyle resection because the incidence was higher in the RP-F group where more resection was unavoidable due to the implant design compared to the LCS group and 3) can be influenced by stresses that are focused on the posterior femoral condyles and post because of activities requiring high degrees of flexion especially for people engaged in agriculture[@B28],[@B29].

In our opinion, early loosening can be prevented with the use of a stem or lug in addition to the RP-F implant, as suggested by King and Scott[@B25], and Insall and Scott[@B30], or proper cementing on the posterior condyle.

Patella clunk syndrome was first described by Hozack et al.[@B31] and similar complications of TKA were referred to as tethered patellar syndrome by Thorpe et al.[@B8] and synovial entrapment syndrome by Pollock et al.[@B32]. Although authors used different terms, these syndromes belong to the same disease entity: they occur when a fibrous nodule grows excessively and induce impingement between the component. The cause of this syndrome reported that posterior stabilized prostheses, sharp anterior edge of the femoral component, and narrow shape and anterior position of the cam[@B8],[@B33],[@B34]. Other possible causative factors include patella height, thickness, and abnormal patella tracking[@B8],[@B31],[@B33],[@B35].

In this study, there were 2 cases of painful patella crepitus in the RP-F group and 1 of these was patellar clunk syndrome that was treated with arthroscopic resection. There were no factors that could affect the postoperative soft tissue and ligament balancing including infection, proximal tibial correction osteotomy, and revision surgery. Considering that the alignment and implant location were within the normal range, the patellar clunk syndrome can be attributable to the design characteristics of the RP-F implant that has box-cutting and is extended to the anterior aspect of the proximal femur, and has an edge that curves sharply anterior to the intercondylar notch[@B27],[@B33],[@B34],[@B36]. No statistically significant difference was found in the congruence angle. The LCS group appeared to have better patella tracking compared to the RP-F group because the lateral tilt was significantly smaller in the former group.

Conclusions
===========

The short-term clinical and radiographic results of TKA did not show significant differences between the PFC Sigma RP-F system and the rotating platform LCS system. Regarding the complications, severe osteolysis and early loosening was observed in 1 case in the RP-F group and patella clunk syndrome was suspected in 2 more cases in the RP-F group compared to the LCS group. We believe that further studies involving a larger number of patients and a longer follow-up period are necessary.

![(A) Preoperative radiographs of a 71-year-old female show degenerative osteoarthritis. (B) Postoperative radiographs show a total knee replacement status using the rotating-platform high-flexion system. (C) At postoperative 27 months, radiographs show severe osteolysis on femoral component.](ksrr-24-7-g001){#F1}

![(A) The incidence of radiolucent line in the anterior-posterior view of tibia. (B) The incidence of radiolicent line in lateral view of femur. RP-F: rotating-platform high-flexion, LCS: low contact stress.](ksrr-24-7-g002){#F2}

![(A) Postoperative radiograph of 73-year-old female shows good alignment. Femorotibial angle 5.6°. (B) The arrow indicate the presence of nodules at the intercondylar notch. (C) Two cm-sized and 0.5 cm-sized nodules were removed.](ksrr-24-7-g003){#F3}

###### 

Comparison of Preoperative Variables between RP-F Group and LCS Group

![](ksrr-24-7-i001)

Values are presented as mean±standard deviation.

RP-F: rotating-platform high-flexion, LCS: low contact stress, KSKS: Knee Society Knee Score, KSFS: Knee Society Function Score.

###### 

Clinical Results according to Range of Motion, KSKS and KSFS
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Values are presented as mean±standard deviation.

RP-F: rotating-platform high-flexion, LCS: low contact stress, KSKS: Knee Society Knee Score, KSFS: Knee Society Function Score.

###### 

Results of Femorotiboal Angle, Radiologic Component Position and Patella Position
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Values are presented as mean±standard deviation.

RP-F: rotating-platform high-flexion, LCS: low contact stress.

^a)^β: acute angle between tibial implant and tibial axis, ^b)^δ: posterior angle between tibial articular surface and tibial axis.
